Thin-skinned fold-and-thrust belts are generally considered as the result of contractional 12 deformation of a sedimentary succession over a weak decollement layer. The resulting surface 13 expression frequently consists of anti-and synclines, spaced in a fairly regular manner. It is thus 14 tempting to use this spacing along with other geological constraints to obtain insights in the 15 dynamics and rheology of the crust on geological time scales. Here we use the Zagros Mountains 16 of Iran as a case study as it is one of the most spectacular, well-studied thin-skinned fold-and-17 thrust belts in the world. Both analytical and numerical models are employed to study what 18 controls fold-spacing and under which conditions folding dominates over thrusting. The models 19
INTRODUCTION 28
It is often assumed that fold belts can be explained by folding of a sedimentary layer 29 above a basal detachment formed by a weak layer. As the spacing between folds in such belts is 30 quite regular, we can consider them as a large-scale natural experiment of crustal deformation. 31 Ideally, it should be possible to combine fold spacing with other geological data and theory to 32 constrain parameters such as crustal rheology that are difficult or impossible to constrain from 33 field observations alone. 34
The classical explanation of folds in fold belts is that they are due to a folding instability, 35 which is well known for a homogeneous sedimentary sequence with either a power-law viscous 36 or an elastic rheology (Schmalholz et al., 2002; Burg et al., 2004; Schmalholz, 2006) . The 37 dominant wavelength λ dom , for a viscous power-law layer of viscosity and with exponent n 38 overlying a linear viscous layer of viscosity , is given by (Schmalholz et al., 2002) : 39 (1) 40 where H sed and H salt are the thicknesses of the sedimentary cover and of the salt, respectively. 41
The growth rate (q dom ) of this instability non-dimensionalized over the background strain rate 42 is given by (Schmalholz et The centroid depths of waveform-modeled earthquakes indicate that faulting is restricted 57 to two structural levels located in the competent sediment cover units at 5-6 km depth and within 58 the Precambrian basement at depth larger than 11 km down to depths of 30 km (e.g., Talebian cutting the folded cover up to the surface. This confirms that detachment folding rather than 62 thrusting is the dominant deformation mode in the Zagros Fold Belt. In this aspect, the Zagros 63 (Simpson, 2009) . 66
Detachment folding theory should thus be perfectly applicable to the Zagros Fold Belt. 67
Equations (1) and (2) show that fold spacing depends strongly on the rheology of the overburden 68 and on the thickness of the basal salt layer. In the Zagros, a linear viscous overburden (n = 1) and 69 a viscosity contrast of 100 between salt and overburden, requires a salt layer thickness of ~7. estimates from rock creep experiments (Ranalli, 1995) . Large power law exponents are often 75 taken as evidence for a brittle rheology. Currently, however, there is no theory that can reliably 76 predict the spacing of detachment folds in the case of a brittle overburden. 77
There is thus presently no satisfactory explanation for (1) why deformation in the Zagros 78 Fold Belt is dominated by folding and not by thrusting and for (2) what controls the spacing of 79 folds and how it is linked to crustal rheology. In order to address this, we performed thermo-80 mechanical numerical simulations to study the dynamics of detachment folding in the presence 81 of a brittle sedimentary cover. 82
NUMERICAL MODEL 83
To study the effect of using visco-elasto-plastic rheologies on crustal dynamics, we have 84 performed a series of numerical experiments using the finite element code MILAMIN_VEP 85 (e.g., Kaus, 2010 and GSA Data Repository DR1). The viscosities of the weak layers are 86 assumed to be linear and constant, which is a reasonable approximation for the rheology of salt. 87
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The brittle layers have a temperature-dependent rheology of limestone (see DR1), which 88 correspond to the majority of rocks within the sedimentary cover ( 
RESULTS FROM NUMERICAL SIMULATIONS 99
With a 1.5 km-thick single basal detachment layer underlying a homogeneous brittle 100 sedimentary cover, the models develop faults rather than folds (Fig. 2B) . Such faults develop at 101 early stages with a spacing that is approximately twice the brittle layer thickness. Subsequent 102 deformation is locked around these folds that have a box-fold geometry. Compared to the Zagros 103 Fold Belt, we thus obtain a too large wavelength and an incorrect deformation style. Additional 104 simulations where we varied the frictional parameters of the crust, or the viscosity of the salt 105 layer gave similar results (see Fig. DR1 ). We thus infer that it is impossible to reproduce the 106 observed finite wavelength of Zagros Fold Belt folds ( fine-scale rheological structure into account (Fig. 3) . The results are remarkably different from 113 the previous experiments: rather than being fault-dominated, deformation is now achieved by 114 folding, with a final wavelength similar to the one observed in the Zagros Fold Belt (Fig. 3) . 
CONSTRAINTS ON CRUSTAL RHEOLOGY 124
The simulations presented in this study highlight the different modes of deformation that 125 might occur in fold-and-thrust belts. However, they give limited insights into the underlying 126 physics, as it remains unclear how sensitive the spacing of structures is to the rheology of the 127 crust. For this reason, we developed a semi-analytical methodology drastically reducing the 128 computational requirements that allows us to predict the outcome of numerical simulations in a 129 large parameter space (see details in DR2). The resulting wavelength versus growth rate 130 diagrams have a single maximum as a function of non-dimensional wavelength (Fig. 4A) . 131
Rigorously, these semi-analytical results are only valid for very small deformations. Yet, a 132 comparison with numerical simulations reveals that they correctly predict the spacing of folds 133
Page 7 of 13 even after 5.5 Myrs, which confirms that fold-spacing is selected at a very early stage in the 134 evolution of a fold and thrust belt (Fig. 4A) . 135
Results for a homogeneous and brittle sedimentary cover reveal that the dominant growth 136 rate is smaller than 20, which essentially means that folding will not be able to overcome 137 background pure-shear thickening. Indeed, our numerical simulations indicate that this leads to 138 fault-dominated deformation rather than folding (box folds, Fig. 2) . If, on the other hand, weak 139 layers are taken into account in the sedimentary sequence, the growth rate is significantly larger 140 and the dominant wavelength is reduced (Fig. 4B) . The addition of a single weak layer is 141 sufficient to switch deformation styles from fault-to fold-dominated, and elasticity has a minor 142 effect only. 143
Using the same semi-analytical methodology, we performed a large number of 144 simulations and found that the two most important parameters are the viscosity of the salt/weak 145 layers and the friction angle of the crust, whereas rock density plays little to no role. Plots of 146 dominant wavelength and growth rate versus those two parameters show an approximate equal 147 dependence on the two parameters (Fig. 4) . The results also show that weak layers in all cases 148 yields growth rates that are sufficiently large for the folding instability to dominate faulting. 149
In the case of Zagros Fold Belt, the effective viscosity of salt has been determined to be 150 Belt on geological timescales is around 5°+/− 5° (Fig. 4B) . 154
DISCUSSIONS AND CONCLUSIONS 155
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Contrary to the common view of fold belts that often consider a single major basal 156
décollement only, we demonstrate through the example of the Zagros Mountains that the whole 157 stratigraphic sequence might influence the dynamics of the belt. Heterogeneities within the 158 sedimentary cover, and weak layers in particular, control whether deformation is dominated by 159 crustal-scale folds or by thrusts. The stratigraphy of a fold belt plays a much larger role than 160 previously appreciated and should thus be taken into account if one wishes to reconcile field 161 observations with physically consistent models of geological processes. 162
Balancing geological cross-sections in fold-thrust belts is a difficult exercise that aims at 163 providing a consistent structural and kinematic interpretation of usually independent structural 164 data. Our method paves the way for developing future generations of 2D and 3D dynamic 165 reconstruction models for fold and thrust belts (e.g., Lechmann et al. 2010) . 166
Moreover, we show that the regular spacing of folds puts constraints on the rheology of 167 the crust on geological timescales. In the case of Zagros Fold Belt, the value for the friction 168 angle we obtained in this manner is small (<10°), which indicates that the crust was rather weak, 169 potentially due to large fluid pressures (e.g., Huismans et al. 2005) . to the wavelength, the total thickness, the growth rate and the background strain rate, 266 respectively. VP and VEP correspond to visco-plastic and visco-elasto-plastic simulations,
